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Background:  Craniovertebral  junction  lesions  in  the  paediatric  population  are  associated  with  a
low survival  rate,  which  has  declined  in  recent  years.  Neurological  disability  is  a  major  concern
due to  the  high  economical  cost  it  represents.  Paediatric  patients  are  more  susceptible  to  this
lesion because  of  hyperextension  capacity,  ﬂat  articulation,  and  increased  ligamentous  laxity.
Survival after  these  kinds  of  injuries  has  been  more  often  reported  in  adults,  but  are  limited  in
the paediatric  population.
Clinical  case: A  case  of  an  8-year-old  male  is  reported  with  occipitocervical  and  atlantoaxial
dislocation  associated  with  clivus  fracture,  brain  oedema,  and  post-traumatic  subarachnoid
haemorrhage.  A  halo  vest  system  was  placed  with  no  traction.  One  month  after  the  trauma
the patient  was  surgically  treated  with  C1  and  C2  trans-articular  screws,  occipitocervical  ﬁx-
ation with  plate  and  screws,  and  C1--C2  ﬁxation  with  tricortical  bone  graft  and  wires  without
complication.  He  has  now  returned  to  school  and  is  self-sufﬁcient.
Conclusions:  With  better  pre-hospital  medical  care  and  with  improved  surgical  techniques  the
mortality rate  has  declined  in  this  kind  of  lesion.
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Luxación  traumática  occipitocervical  y  atlantoaxial  con  fractura  del  clivus  en  un
paciente  pediátrico.  Reporte  de  un  caso
Resumen
Antecedentes:  Las  lesiones  traumáticas  del  complejo  occipitoatloaxoideo  en  población
pediátrica  están  asociadas  con  menor  sobrevida,  lo  que  en  an˜os  recientes  ha  disminuido.  La
secuela  neurológica  que  resulta  de  estas  lesiones  es  un  factor  importante  por  el  gran  costo
económico  y  emocional  que  representan.  Los  pacientes  pediátricos  son  más  susceptibles  a  este
tipo de  lesiones  por  la  capacidad  de  hiperextensión,  articulaciones  planas  y  laxitud  ligamen-
taria. La  sobrevida  con  este  tipo  de  lesiones  se  ha  reportado  mayormente  en  adultos  y  muy
limitada en  la  población  pediátrica.
Caso clínico:  Presentamos  el  caso  de  un  nin˜o  de  8  an˜os  de  edad  con  luxación  occipitocervical
y atlantoaxial  asociada  con  fractura  del  clivus,  edema  cerebral  y  hemorragia  subaracnoidea;
se aplicó  un  halo  con  chaleco  sin  tracción.  Un  mes  posterior  al  traumatismo  el  paciente  fue
intervenido  quirúrgicamente  con  tornillos  transarticulares  de  C1--C2,  ﬁjación  occipitocervical
con una  placa  y  tornillos,  y  ﬁjación  de  C1--C2  con  injerto  tricortical  óseo  y  alambres,  sin  ninguna
complicación.  Actualmente,  el  paciente  acude  a  la  escuela  y  es  autosuﬁciente.
Conclusiones:  Debido  a  la  optimización  de  la  atención  prehospitalaria  y  la  fusión  de  técnicas
quirúrgicas,  se  ha  logrado  disminuir  la  mortalidad  en  este  tipo  de  lesiones.
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raumatic  dislocation  of  the  occipitoatlantoaxial  complex  is
he  consequence  of  a  high-speed  mechanism  exposure,  in
eneral  associated  with  car  accidents.1,2 The  mortality  rate
nd  the  neurological  sequel  have  diminished  in  recent  years
ue  to  improvement  in  prehospital  care,  which  includes:
ervical  spine  collar  for  stabilization,  improved  ambulance
esponse  time  and  the  establishment  of  standard  trauma
rotocols  by  the  American  College  of  Surgeons.2--4 Overall
urvival  information  with  these  lesions  is  limited  in  pediatric
opulation.3,5,6
The  hyperextension  mechanism  of  the  occipito-cervical
omplex  involving  the  posterior  ligaments  is  the  hallmark  of
his  lesion.  Paediatric  patients  are  more  susceptible  to  this
ype  of  injuries  due  to  their  hyperextension,  plane  artic-
lations  and  the  increased  ligamentous  laxity.7 In  1960’s,
urvival  was  reported  to  be  35%.  The  abnormalities  of
he  cranio-cervical  junction  may  be  classiﬁed  in  congenital
nd  acquired  (Table  1).8 The  instability  of  the  ligaments,
econdary  to  upper  cervical  spine  trauma  can  be  mainly
lassiﬁed  in  four  groups:  occipitocervical  dislocation,  trans-
ation  effect,  axial  and  atlantoaxial  rotation.9
The  objective  of  this  article  is  to  describe  the  treatment
n  a  pediatric  patient  with  severe  craniocerebral  trauma,
raumatic  occipitocervical  and  atlantoaxial  dislocation  with
oncomitant  clivus  fracture  and  with  a  good  neurological
utcome.
linical caseealthy  8-eight-year-old  boy,  admitted  to  the  emergency
epartment  on  10  February  2008  after  a  car  accident  with
ateral  impact.  He  was  initially  transferred  to  another
w
c
(ospital,  where  he  was  stabilised  and  the  airway  was
ecured.  Afterwards,  he  was  transferred  to  the  Centro
édico  ABC.  Campus  Observatorio  (Mexico  City),  where
e  was  received  by  our  team.  The  patient  arrived  with  a
core  of  6  points  in  the  Glasgow  scale  and  under  sedative
edication.  Diagnosis  upon  arrival  was:  severe  traumatic
rain  injury,  diffuse  axonal  injury  (grade  III),  subarachnoid
aemorrhage  (Fisher  IV),  right  temporal  brain  contusion,
ulmonary  contusion,  fracture  in  the  ﬁrst  left  rib  and  spleen
aceration  (grades  I--II)  (Fig.  1).
During  the  ﬁrst  24  h an  external  ventricular  drainage
ith  intracranial  pressure  monitor  was  placed.  Pharmaco-
ogical  antiedema  measures  were  started;  and,  regardless  of
he  medical  treatment,  the  intracranial  pressure  continued
ncrease  by  three-times  higher  than  normal  limits,  reach-
ng  up  to  38  cmH2O.  Magnetic  resonance  imaging  showed
livus  fracture  and  occipitocervical  and  atlantoaxial  disloca-
ion  (Figs.  2  and  3).  A  bilateral  craniectomy  was  performed
8  h  after  arrival  because  the  patient  did  not  respond  to  the
edical  therapy,  and  even  under  barbiturate  coma  (thiopen-
al)  he  still  maintained  a  high  intracranial  pressure.  Two
ays  after  surgery,  the  intracranial  pressure  was  stabilised
n  normal  values.  After  6  days  of  hospital  stay,  a  halo  vest
ithout  traction  was  applied  and  sedative  medication  was
ithdrawn.  Subsequently,  he  developed  a  sepsis  of  unknown
rigin,  with  negative  cultures  and  good  response  to  antimi-
robial  therapy.  Once  without  sedation,  the  patient  could
nitially  move  the  lower  limbs,  and  days  later,  he  moved  the
our  limbs.
A  tracheotomy  was  performed  due  to  prolonged  intuba-
ion.  The  patient  obeyed  simple  orders.  One  month  after
he  trauma,  the  occipitocervical  ﬁxation  was  performed
ith  implantation  of  C1--C2  transarticular  screws,  plate,  tri-
ortical  bone  grafting  and  wiring,  with  no  complications
Fig.  4).  In  the  radiologic  control  studies,  no  ischaemic
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Table  1  Classiﬁcation  of  craniocervical  abnormalities.
Congenital  Acquired  and  of  the
development
Occipital  sclerotome
Remnants  of  the  proatlas,
segmentation  of  clivus,
condylar  hypoplasia,
assimilation  of  the  atlas
Malformation  of  the  atlas
Biﬁd  atlas,  assimilation,
fusion,  absence  of  arches
Malformation  of  the  axis











and  Paget’s  disease
Atlantoaxial  instability
Down  syndrome
Error  of  metabolism



















Figure  1  Cranial  tomography  at  admission  to  the  emergency
department  shows  severe  cerebral  oedema,  subarachnoid  hae-
morrhage  and  major  deviation  from  middle  line.
Figure  2  Sagittal  view  of  T1-weighted  MRI  showing  a  frac-
ture mark  in  the  clivus  (white  arrow)  with  no  bone  migration,


































iedema.  Also,  occipitocervical  and  atlantoaxial  dislocation  are
bserved.
r  haemorrhagic  areas  were  demonstrated.  The  progress
f  the  patient  continued  to  be  favourable  and  rehabilita-
ion  started  with  good  response.  Speech  therapy  was  also
tarted,  as  the  patient  was  unable  to  adequately  speak  and
nly  stammered  incomprehensible  words.  Five  weeks  after
he  bilateral  craniectomy,  bilateral  methyl  methacrylate
ranioplasty  was  performed.
Two  months  after  the  accident,  he  was  discharged  and
ransferred  to  a  neurological  rehabilitation  facility.  His
rogress  has  been  very  favourable.  He  has  returned  to  nor-
al  life,  goes  to  school  and  is  self-sufﬁcient.  His  speech  has




reatment  for  this  kind  of  injuries  is  very  limited  in  the
aediatric  population,  and  most  experiences  come  from
dult  patients.  Limited  neck  muscle  development  is  addi-
ional  challenging  in  the  surgical  technique,  because  of,
he  disproportion  between  head  and  body  and  the  smaller
rticulations  of  the  occipitocervical  complex.10,11 The  most
ecommended  treatment  for  odontoid  fractures  is  the
nterior  cervical  approach  with  biplanar  ﬂuoroscopy  as  it
anages  to  greatly  preserve  the  ligaments,  the  axial  rota-
ion  and  the  immediate  atlantoaxial  ﬁxation  with  a  fusion
ate  of  92--100%.  The  complication  rate  is  9.5%  and  most
f  the  complications  are  due  to  instrumentation  material
ailure.  The  use  of  double  internal  screws  in  odontoids  has
ot  demonstrated  a  signiﬁcant  biomechanic  advantage  over
he  use  of  one  sole  screw.  There  are  three  essential  move-
ents  involved  in  the  atlantoaxial  joint:  ﬂexion,  extension
nd  axial  rotation.  The  ﬁxation  techniques  can  be  divided
nto  rigid  and  semi-rigid  techniques.  In  the  rigid  ﬁxation
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Figure  3  (A)  Preoperative  image  showing  clivus  fracture.
(B) Preoperative  reconstruction  with  coronal  view  of  clivus  frac-















































dccipitocervical  and  atlantoaxial  dislocation  and  clivus  frac-
ure.
echnique,  transarticular  screws  or  screws  and  rod  in  C1--C2
re  used.  In  the  semi-rigid  ﬁxation  wires  or  cables  are  used.
The  indications  to  perform  atlantoaxial  arthrodesis
epend  on  the  aetiology,  which  could  be  congenital,  due
o  development  or  acquired.  The  interlaminar  wiring  and
rafting  ﬁxation  technique  described  by  Brooks  and  pro-
ides  a  very  effective  stabilisation  of  the  rotation  in  the
agittal  plane.  The  bone  grafting  mechanically  prevents
xtension.  This  technique  preserve  axial  movement  and  with
 low  arthrodesis  rate  external  immobilization  is  mostly  rec-
mmended.  This  treatment  is  recommended  for  patients




figure  4  Lateral  X-ray  shows  craniocervical  ﬁxation  with
1--C2 wiring  technique  and  tricortical  bone  grafting.
ransarticular  screw  ﬁxation  technique  has  a  high  rate  of
mmediate  stability  in  all  the  movements  of  the  joint.
This  procedure  is  recommended  in  children  older  than
 years.  Technically  it  is  very  demanding  and  the  surgeon’s
xperience  plays  a  key  role  in  the  success  of  the  surgery.  The
imitations  of  the  surgical  technique  are  mainly  caused  by
he  size  of  C2;  and,  likewise,  there  is  great  risk  of  injuring
he  vertebral  artery  (4.1%).  This  is  why  it  is  necessary  to
ave  access  to  vascular  imaging,  since  a  vertebral  artery
njury  is  an  absolute  contraindication.  Spine  fusion  by  the
ateral  masses  is  indicated  when  the  transarticular  ﬁxation
annot  be  performed  due  to  anatomical  variations  in  the
ertebral  artery  and  to  a  severe  thoracic  kyphosis.
ccipitocervical  fusion
he  most  common  indication  to  perform  an  occipitocervical
xation  is  the  occipitocervical  instability,  which  could  be
ongenital  or  acquired  aetiology  as  shown  in  Table  2,  pro-
osed  by  Ahmed  et  al.12 Werne  has  studied  the  technique
n  cadaver  specimens  to  determine  the  forces  necessary  to
roduce  a  rupture  in  the  tectorial  membrane  and  in  the
lar  ligament  and  that  at  the  same  time  may  produce  an
tlantooccipital  dislocation.13
Surgical  treatment  must  be  individually  selected,  being
ble  to  extend  one  or  two  levels  below  the  axial  instability
ccording  to  the  radiographic  ﬁndings.  Bone  graft  is  used  to
btain  a  deﬁnitive  fusion.  The  autologous  bone  grafts  have
everal  advantages:  they  are  osteogenic,  osteoconductive
nd  osteoinductive;  therefore,  the  immunological  incom-
atibility  and  the  risk  of  infectious  diseases  disappear.  In
he  majority  of  cases  iliac  crest  is  used  91%.12,14,15
Donor-site  morbidities  include:  persistent  pain  in  the
onor  site,  myalgia,  paraesthesia  and  local  infection  of
he  wound.16 In  the  paediatric  population  a  quick  regen-
ration  of  the  ribs  is  observed,  for  this  reason  morbidities
ecrease  (3.7%)  and  the  fusion  rate  is  increased  (98.8%).17
At  present,  a  limited  number  of  articles  on  survival  in
atients  with  atlantoaxial  and  atlantoccipital  injuries  has
een  published.2,18--21 In  the  case  described,  the  transartic-
lar  ﬁxations  and  the  bone  grafting  obtained  a  favourable
usion  and  survival  with  minimal  neurological  sequel.
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Table  2  Indications  for  occipitocervical  fusion.
Congenital  Of  the  development  Acquired
Anterior  and  posterior  C1
biﬁd  arches
Absence  of  occipital
condyles
Severe  reducible  basilar  intussusception
Unstable  os  odontoideum
Unilateral  assimilation  of  the  atlas  with
chronic  rotation/dislocation  of  C0  to  C1--C2
Traumatic  dislocation  of  C0--C1
Complex  CCJ  fractures  from  C1--C2
Rheumatic  disease  with  capacity  to  be
reduced
Posterior  to  transoral  decompression  of  the
CCJ
Ankylosing  spondylitis,  pseudogout,  Down
syndrome  and  inﬂammatory  ileitis
Grisel’s  syndrome  and  chronic  inﬂammatory
disease
Tumours  affecting  the  UCJ  (clivus
chordoma,  plasmacytoma,  osteoblastoma
and neuroﬁbromatosis)




1C, cervical; CCJ, craniocervical junction.
From Ahmed et al.12
Intraoperative  complications  include:  venous  haemorr-
hage,  vertebral  artery  lesion  and  dural  lacerations.  The
bleeding  happens  mainly  during  the  exhibition  of  the  lat-
eral  mass  of  C1  or  C2,  and  can  be  prevented  by  maintaining
the  subperiosteal  plane  of  dissection.  Late  complications
include  infection  of  the  surgical  wound  and  failure  of  reduc-
tion  and  fusion.12
Conclusion
Survival  from  atlantoccipital  and  atlantoaxial  injuries  have
improved  with  a  reduction  in  the  mortality  rate  and  an
increase  in  survival,  secondary  to  an  improvement  in  the
prehospital  care  and  the  use  of  protocols  for  trauma  atten-
tion.  The  emergency  teams  must  be  familiarised  with  this
type  of  injuries  to  avoid  delays  in  the  treatment  and
complications.
Posterior  intraarticular  fusion  offers  optimal  long-term
results  in  paediatric  patients.  The  spine  fusion  surgery  in
the  paediatric  population  is  potentially  complicated,  as  it
may  lead  to  spinal  growth  limitations,  long-term  fusion  and
spinal  deformities.  The  neuro-rehabilitation  programmes
are  essential  for  the  outcome  of  the  patients.
Conﬂict of interest
The  authors  declare  that  there  are  no  conﬂicts  of  interest.
Acknowledgement
The  authors  thank  Harbey  B.  Sarnat,  MS,  MD,  FRCPC,  Profes-
sor  of  Paediatrics,  Pathology,  (Neuropathology)  and  Clinical
Neurosciences  University  of  Calgary,  School  of  Medicine,
Alberta  Children’s  Hospital  for  publishing  assistance.References
1. Feiz-Erfan I, Gonzalez LF, Dickman CA. Atlantooccipital
transarticular screw ﬁxation for the treatment of traumatic
1occipitoatlantal dislocation. Technical note. J Neurosurg Spine.
2005;2:381--5.
2. Kleweno CP, Zampini JM, White AP, Kasper EM, McGuire KJ.
Survival after concurrent traumatic dislocation of the atlanto-
occipital and atlanto-axial joints: a case report and review of
the literature. Spine. 2008;33:E659--62.
3. Steinmetz MP, Lechner RM, Anderson JS. Atlantooccipital dislo-
cation in children: presentation, diagnosis, and management.
Neurosurg Focus. 2003;14:1--7.
4. Bools JC, Rose BS. Traumatic atlantooccipital disloca-
tion: two cases with survival. Am J Neuroradiol. 1986;7:
901--4.
5. Violas P, Ropars M, Doumbouya N, Bracq H. Case reports:
atlantooccipital and atlantoaxial traumatic dislocation in
a child who survived. Clin Orthop Relat Res. 2006;446:
286--90.
6. Donahue DJ, Muhlbauer MS, Kaufman RA, Warner WC, Sanford
RA. Childhood survival of atlantooccipital dislocation: under-
diagnosis, recognition, treatment, and review of the literature.
Pediatr Neurosurg. 1994;21:105--11.
7. Ehlinger M, Charles YP, Adam P, Bierry G, Dosch JC, Steib JP,
et al. Survivor of a traumatic atlanto-occipital dislocation.
Orthop Traumatol Surg Res. 2011;97:335--40.
8. Menezes AH. Craniovertebral junction database analysis: inci-
dence, classiﬁcation, presentation, and treatment algorithms.
Childs Nerv Syst. 2008;24:1101--8.
9. Kandziora F, Schnake K, Hoffmann R. Injuries to the upper
cervical spine. Part 1: Ligamentous injuries. Unfallchirurg.
2010;113:931--43.
0. Jones DN, Knox AM, Sage MR. Traumatic avulsion frac-
ture of the occipital condyles and clivus with associated
unilateral atlantooccipital distraction. Am J Neuroradiol.
1990;11:1181--3.
1. Klimo P Jr, Astur N, Gabrick K, Warner WC Jr, Muhlbauer MS.
Occipitocervical fusion using a contoured rod and wire construct
in children: a reappraisal of a vintage technique. J Neurosurg
Pediatr. 2013;11:160--9.
2. Ahmed R, Traynelis VC, Menezes AH. Fusions at the craniover-
tebral junction. Childs Nerv Syst. 2008;24:1209--24.
3. Werne S. Studies in spontaneous atlas dislocation. Acta Orthop
Scand Suppl. 1957;23:1--150.4. Benzel EC, Zhang DH, Iannotti C, Refai D, Ruggieri P, Krishnaney
A. Occipitocervical fusion in an infant with atlantooccipital dis-







21. Gonzalez LF, Klopfenstein JD, Crawford NR, Dickman CA,40  
5. Menezes AH. Occipitoatlantal dislocation in an infant: fusion
techniques. World Neurosurg. 2012;78:612--3.
6. Baron EM, Loftus CM, Vaccaro AR, Dominique DA. Anterior
approach to the subaxial cervical spine in children: a brief
review. Neurosurg Focus. 2006;20:E4.
7. Sawin PD, Traynelis VC, Menezes AH. A comparative analysis
of fusion rates and donor-site morbidity for autogeneic rib and
iliac crest bone grafts in posterior cervical fusions. J Neurosurg.
1998;88:255--65.
8. Weiner BK, Brower RS. Traumatic vertical atlantoaxial
instability in a case of atlanto-occipital coalition. Spine.
1997;22:1033--5.T.  Herrada-Pineda  et  al.
9. Hamai S, Harimaya K, Maeda T, Hosokawa A, Shida J, Iwamoto
Y. Traumatic atlanto-occipital dislocation with atlantoaxial sub-
luxation. Spine. 2006;31:E421--4.
0. Gonzalez LF, Fiorella D, Crawford NR, Wallace RC, Feiz-Erfan I,
Drumm D, et al. Vertical atlantoaxial distraction injuries: radio-
logical criteria and clinical implications. J Neurosurg Spine.
2004;1:273--80.Sonntag VKH. Use of dual transarticular screws to ﬁxate simul-
taneous occipitoatlantal and atlantoaxial dislocations. Case
report. J Neurosurg Spine. 2005;3:318--23.
